Sex ratio affects the growth rates of wild populations; so, for a better understanding of population dynamics, it is crucial to know the mechanisms that determine it. We analyzed seasonal variation in sex ratio of the copepod Arctodiaptomus salinus. It was in general male-skewed and affected by temperature. Our results suggest that investing in the "cheaper sex" might be a good strategy of this population to increase population growth rate.
ratios. Within some species, individuals adjust their sex ratios in response to the quality of the environment, producing more offspring of the gender likely to contribute most to their individual fitness (Sapir et al., 2008) .
Theoretically, a sex ratio of 1:1 is a stable strategy in a population of diploid organisms (Fisher, 1930) . If a deviation occurs in the sex ratio, frequency-dependent selection should work to restore it to equality (Fisher, 1930) . This model is a simplification since it assumes random mating, no stochastic fluctuations of sex ratios, nor social structure and no sex-specific probabilities of mortality and migration; additionally, it assumes that the cost of producing and raising a male offspring is equal to that required to produce and to raise a female (Sapir et al., 2008) . In wild populations, sex ratios far from the 1:1 ratio are frequent; we can find both female-and male-biased sex ratios which can vary both seasonally and spatially.
Since sex ratios can determine population growth rates, knowing the mechanisms that determine them is crucial for a better understanding of population dynamics. In this context, our goal is to analyze the relationship between the observed sex ratios (i.e. proportion of males) of a wild population of Arctodiaptomus salinus (Copepoda: Calanoida) and the environmental factors affecting it, as well as its relation to population growth rates. Arctodiaptomus salinus is a eurythermal and euryhaline copepod very abundant in arid, semiarid and endorheic regions. The population studied was in Laguna Honda (UTM: 30SVG992619), an inland, karstic, shallow, saline pond located in an endorheic zone of Andalusia (Spain). Zooplankton samples were taken weekly, from 25 June to 28 December 2001, at a station in the deepest zone by means of a vertical haul over the entire water column with a 40 mm mesh size plankton net. Samples were preserved in buffered 4% formaldehyde pond water. Sex could be distinguished from the fifth copepodite stage onwards (C5). Ovigerous females (i.e. individuals with dark oviducts independent of whether they were carrying an egg-mass or not) were distinguished from non-ovigerous females.
During the study period, males were in general more abundant than females, both in C5 and adult stages (Fig. 1) , and at least twice no C5 females were found (the first two samples from October). A generalized linear model (GLM) did not find differences between sex ratios of C5 and adult stages (Wald x (1) ¼ 0.34; P ¼ 0.56), which suggests that stage duration of C5 is the same for both sexes, such as Jiménez-Melero et al. (Jiménez-Melero et al., 2007) observed in lab experiments, and that mortality rates are similar between both stages. The observed sex ratios were compared with the Fisherian sex ratio (i.e. 1:1) by means of a Chi-square test and only six times it was found not to deviate from sex ratio equality (P . 0.05) (Fig. 1) . Elster et al. (Elster et al., 1960 ) also observed a dominance of A. salinus males in an artificial lake near Alexandria; but male-biased sex ratios are not very common among copepod species and just a few examples can be found in the literature (Devreker et al., 2008 (Devreker et al., , 2010 Schmitt et al., 2008) . In the case of calanoids, Kiørboe (Kiørboe, 2006) observed two main patterns: (i) species of the superfamily Centropagoidea, which require multiple matings, showed least biased-sex ratios, and (ii) families able to reproduce continuously after just one mating showed female-skewed sex ratios. Arctodiaptomus salinus belongs to the superfamily Centropagoidea, consequently our observations disagree with those of Kiørboe (Kiørboe, 2006) .
For a given copepod population, sex ratio can fluctuate considerably throughout the year (Devreker et al., 2010) . In the present case, Fig. 1 shows that as sex ratio decreased gradually as the summer progressed until it reached a value close to 50% or even female-biased. September was the only complete month without dominance of the males (Fig. 1) . In autumn, sex ratio started increasing gradually again. In contrast to our observations, Rokneddine (Rokneddine, 2004 ) observed a femalebiased sex ratio during the cold season and a dominance of males in the warm period in a population of A. salinus from Morocco. Besides seasonal variation, sex ratio of this species can vary spatially. For example, in Shira Lake, a stratified meromictic water body situated in the Republic of Khakasia (Russia), Zadereev and Tolomeyev (Zadereev and Tolomeyev, 2007 ) observed a male-biased ratio in the epilimnion versus a female-biased ratio in the meta-and hypolimnion. In the case of Laguna Honda, these differences in vertical distribution are not expected due to its shallowness.
A Spearman rank correlation showed that sex ratio is affected by temperature, conductivity, population density (i.e. density of all the post-embryonic stages) and clutch size (Table I) . However, a subsequent GLM only found the effect of population density to be significant (Wald x (1) ¼ 6.19, P ¼ 0.01). For a better understanding of the results, we divided the sampling period in three subperiods, or "seasons", according the temperatures registered: (i) a period of high temperatures, denoted "period H", from 25 June (176th Julian Day) to 18 September (261st J.D.), (ii) a period of moderate temperatures, denoted "period M", from 19 September (262nd J.D.) to 12 November (316th J.D.) and (iii) a period denoted "period L" characterized by low temperatures from 13 November (317th J.D.) to 28 December (362nd J.D.). A GLM showed that temperatures registered during these three periods differed significantly (Wald x (2) ¼ 599.94, P , 0.001; Fig. 2A ). As expected, conductivity decreased with temperature so that it was significantly lower in the period of low temperatures (Wald x (2) ¼ 17.71; P , 0.001; Fig. 2B ). In contrast, chlorophyll a was slightly higher in the period of low temperatures, but no statistically significant differences were detected (Wald x (2) ¼ 4.10, P ¼ 0.13; Fig. 2C ). Neither were differences found between periods for population density (Wald x (2) ¼ 4.84, P ¼ 0.09; Fig. 2D ) and density of adults (Wald x (2) ¼ 2.28, P ¼ 0.32; Fig. 2E ). The observed sex ratios also differed in the three periods (GLM: Wald x (2) ¼ 18.85; P , 0.001). Indeed, percentage of males was higher in the period of low temperatures than in the other periods. This pattern was observed both in C5 and adult stages (i.e. the interaction was not significant: Wald x (2) ¼ 3.47; P ¼ 0.18; Fig. 2F ) and no significant differences were found between sex ratios of both stages in the different periods (Wald x (1) ¼ 0.14, P ¼ 0.71; Fig. 2F) .
In previous lab studies, we found that at 108C males reached adulthood before females, whereas at 20 and 258C both sexes reached maturity at the same time (Jiménez-Melero et al., 2007) . This might, in part, explain the male-skewed sex ratio observed in the colder period. Sex-specific differences in longevity or mortality might also explain the variation in sex ratios but unfortunately we do not have information about these parameters.
The period of low temperatures was, therefore, clearly different from the rest, both in its environmental characteristics and the population parameters. Results suggest that percentage of males increases when the thermal and salinity conditions are less stressful. This agrees with Katona's (Katona's, 1970) insights, namely that more females are produced under thermal stress, and more males are produced during favorable conditions to maximize reproduction. Although we must not forget that in the present study the female-skewed sex ratios only appeared occasionally.
The observed sex ratios of C5 at low and high temperatures (i.e. 68.17 and 59.48%, respectively) were very close to those detected in the lab at 10 and 258C (i.e. 70.13 and 60.71%, respectively), when a group of newborn of this species was individually monitored until they reached adulthood (Jiménez-Melero et al., 2007) . Indeed, a Chi-square test did not detect significant differences between them (P ¼ 0.51 and P ¼ 0.89, respectively). In contrast, the C5 sex ratio observed in the lab at 208C (i.e. 73.68%), was significantly different to that observed in the field during the period of moderate temperatures (i.e. 59.48%) with P ¼ 0.04. This discrepancy suggests that other factors interact in determining the final sex ratio; such as the late sex change during development (Gusmão and McKinnon, 2009 ). The environmental conditions in the laboratory were stable throughout the experiments. In contrast, Laguna Honda undergoes frequent unpredictable disturbances such as episodes of high salinity or desiccation. Under such changeable scenarios, the "decision" to change sex late in development allows an individual to "choose" the sex that would increase its reproductive output based on the most probable environmental conditions it will encounter once it becomes an adult (Gusmão and McKinnon, 2009 ). The period of moderate temperatures was characterized by being a transition period between a long period of high temperatures and another of low temperatures. That is, in a very short space of time, temperature decreased very quickly, which is a typical thermal pattern of the continental Mediterranean region where the study area was located. These differences in the stability of the Bold correlations are significant at P , 0.05. Data log-transformed (except proportion data). environmental conditions might, in part, explain the discrepancy between the sex ratios observed in the lab and in the field at moderate temperatures. The "cheaper-sex" hypothesis states that under poor environmental conditions, females should produce the sex that requires least investment ("cheaper sex") and thereby maximize the number of offspring (Sapir et al., 2008) . In a range of animal taxa, this hypothesis predicts that when males are on average larger than females, a female-biased sex ratio is expected under poor environmental conditions and male-biased under favorable conditions (Sapir et al., 2008) . In the case of A. salinus, males are smaller than females (Jiménez-Melero et al., 2013a) ; therefore, if this hypothesis were true, the male-biased sex ratio observed during most of the study period would be a consequence of a poor environment. By "poor environment", we imply non-optimal conditions, such as extreme temperatures and/or high salinity, or poor food availability. Indeed, sex ratio of A. salinus increased when temperature and salinity decreased. However, no relation was found between sex ratio and chlorophyll-a concentration which, moreover, was not significantly different throughout the study. Consequently, we cannot confirm that the highest sex ratio observed in period L was consequence of greater food availability. On the other hand, since chlorophyll-a concentration was very low during the whole sampling period, it might be thought that, indeed, this population was food-limited. Nevertheless, it must be pointed out that, besides being a detritivore and herbivore, A. salinus is also an active predator (Lapesa et al., 2004) and thereby chlorophyll-a might not be the best parameter with which to measure food availability for this species (Jiménez-Melero et al., 2013a) .
Returning to the "cheaper-sex" hypothesis: if true then a slightly higher male-biased sex ratio should be expected during summer, when temperature and conductivity increased to non-optimal levels (Jiménez-Melero et al., 2007 , 2012 , 2013a . In contrast, we observed that sex ratio decreased gradually as the summer progressed reaching a value close to 50% or even female-biased. However, the question arises; it is the smallest sex always the "cheaper sex"? If the answer is no, then our results do not necessarily contradict the "cheaper sex" hypothesis, but if the answer is yes, then it seems that in the present case, our results do not support this hypothesis. However, if we analyze the results at the population level, the conclusions can be different, as shown below.
The population growth rates estimated for this population were 0.78, 0.92 and 1.05 for periods H, M and L respectively, that is, the population decayed quickly at high temperatures and more slowly at moderate temperatures and it grew at low temperatures (Jiménez-Melero et al., 2013b) . The sex ratios observed for the adult stages followed the same pattern, that is, they increased throughout the study period with values of 1.26, 1.76 and 3.00 for periods H, M and L, respectively (Fig. 2F) . Consequently, increasing the sex ratios could have allowed the population to recover. During summer time, low fertility was the lower-level vital rate that contributed most to the decrease in the population growth rate (Jiménez-Melero et al., 2013b) . This low fertility might be a consequence of the lower clutch sizes (Wald x (2) ¼ 32.80, P , 0.001; Fig. 2G ) and/or the lower percentage of ovigerous females (Wald x (2) ¼ 24.28, P , 0.001; Fig. 2H ). In turn, the low percentage of ovigerous females might be due to a low probability of mating encounters. Therefore, in this A. salinus population, investing in the "cheaper sex" (i.e. the males) might be a good strategy to increase fertility, which would help increase the population growth rate and allow the recovery of the population.
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